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Pulse detection in wireless communications system 



This invention relates to wireless communications, and in particular to a 
receiver for use in a wireless communication system. More particularly, the invention relates 
to a device and a method for pulse detection, for example for use m ail Ultra Wideband 
(UWB) wireless communication system. The communication system may be in the form of a 
5 signaling system, in which data is sent from a transmitter to a receiver, or it may be in the 
form of a radar or positioning system, m which a combined transmitter/receiver detects the 
reflections of signals which it has itself transmitted. 

Hie term Ultra Wideband is used to refer to a number of different wireless 
communications systems. In one form of an Ultra Wideband (UWB) communication system, 
10 a transmitter generates a series of pulses, which are transmitted at radio frequencies. The 
ftinction of the receiver is tiien to detect these pulses, in order to be able to extract data from 
tiie transmitted signal. For example, each transmitted pulse, or wavelet, may encode one or 
more bits of transmitted data, witii different shaped transmitted pulses encoding different 
transmitted bits. Alternatively, the transmitted data may be used to modulate the position or 
15 phase of the transmitted pulses. 



WO 01/93444 discloses a UWB receiver, which achieves synchronization with 
an incoming signal. A local pulse generated at the receiver is correlated with the received 

20 signal, and it is determined that synchronization has been achieved when tiiere is a high 
degree of correlation. 

However, this system has the disadvantage that a considerable time is reqmred 
to achieve synchronization of the receiver to the incoming signal, and moreover that the 
receiver requires an accurate timing generator. 

25 The document 'An Integrated, Low-Power, Ultra-Wideband Transceiver 

Architecture for Low-Rate, Indoor Wireless Systems*, pubUshed at tiie IEEE CAS Workshop 
on Wireless Communications and Networking, September 2002, by O'Donnell et al, 
proposes an alternative UWB receiver architecture. This document discloses the use of a 
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bank of analog-to-digital converters, which are used to obtain full analog-to-digital 
conversion of the received signal throughout the pulse period 

However, this has the disadvantage that, in order to be able to achieve the 
required full analog-to-digital conversion, the power consumption of the device is very high. 

5 

An object of the present invention is to provide a receiver architecture which 
places the minimum requirements on the system hardware. 

According to a first aspect of the present invention, there is provided a 
10 communications receiver, comprising a pulse detection unit, for detecting pulses in a received 
signal, the pulse detection unit comprising: 

a plurality of comparators; 

a sampling time generator, for generatmg signals indicative of a plurality of 
sampling time points; and 
15 a reference level generator, for generating a plurality of reference levels, 

wherein each of the comparators is programmable with a sampling time point 
selected firom said plurality of sampling time points and with a reference level selected firom 
said plurality of reference levels, and 

wherein the received signal is applied to each of the comparators such that 
20 each of the comparators produces a respective output signal based on a comparison between 
the received signal level and the selected reference level at the selected sampling time point 

According to a second aspect of the present invention, there is provided a 
method of detecting pulses received in a communications receiver, the method comprising: 
generating signals indicative of a plurality of sampling time points; 
25 generating a plurality of reference levels; 

programming each of a plurality of comparators with a sampling time point 
selected from said plurality of sampling time points and with a reference level selected from 
said plurality of reference levels, and 

applying the received signal to each of the comparators such that each of the 
30 comparators produces a respective output signal based on a comparison between the received 
signal level and the selected reference level at the selected sampling time point. 
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The above and other objects and features of the present invention will become 
more apparent from the following detailed description considered in connection with the 
accompanying drawings in which: 

Fig. 1 is a schematic block diagram of a wireless communication system in 
5 accordance with the present invention. 

Fig. 2 is a timing diagram, indicating possible signals in the system of Fig. 1. 

Fig. 3 is an enlarged schematic block diagram of a part of the receiver in the 
system of Fig. 1. 

Fig. 4 is a flow chart illustrating the method of operation of the device shown 

10 in Fig. 3. 



Fig. 1 is a schemadc block diagram of a communication system in accordance 
with an aspect of the present invention. Specifically, the system includes a transmitter 10, 

15 which includes a processor 12, transmit ckcuitry 14, and an antenna 16. The processor 12 
receives data for tiansmission, and converts the data into a form which can be handled by the 
transmit circuitry 14. The transmit circuitry 14 then outputs signals for transmission by the 
antenna 16. The transmitter 10 may be generally conventional. 

The receiver 20 includes an antenna 22, receive circuitry 24, pulse detection 

20 circuitry 26, and a digital signal processor 28. Received signals are supplied to the receive 

circuitry 24, which performs the initial radio frequency processing of the signals. The signals 
are then applied to pulse detection circuitry 26, which detects the presence of transmitted 
pulses among the received signals, and a signal representing the detected pulses is then 
passed to the DSP 28 for fiirther processing. 

25 In the preferred embodiment shown in Fig. 1, therefore, the invention is 

applied to an Ultra- Wideband (UWB) commimications system in the form of a signaling 
system, in which data is sent from a transmitter to a receiver, although the same principle 
may be applied to certain other wireless communications systems, including UWB radar and 
positioning systems, in which a single device incorporates a transmitter for transmitting 

30 pulses and a receiver for detecting reflected pulses. 

Fig. 2 is a timing diagram showing one possible form of signals which may be 
transmitted in a UWB system. Specifically, the transmitter 10 transmits a series of pulses 30, 
32. It will be apparent that, while only two such pulses are shown in Fig. 2 for ease of 
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illustration and explanation, a transmission usually contains a very large number of such 
pulses. 

It should also be appreciated that Fig. 2 shows the form of signals as they are 
transmitted. Distortion and noise in the wireless chaimel between the transmitter and receiver, 
5 as well as distortions introduced in the transmitter and receiver to a smaller extent, will mean 
that the received signals will not be exactly as transmitted. A function of the receiver is to 
determine the form of the transmitted signals, using the available information about the 
received signals. 

In Fig. 2, a first pulse 30 extends from a time Tl until a time T2, and a second 
10 pulse 32 extends from a time T3 until a time T4. The duration of each pulse, that is, the time 
intervals (T1,T2) and (T3,T4), are typically of the order of a few nanoseconds or less. By 
contrast, the interval between pulses, that is, the time interval (T1,T3), is typically of the 
order of tens or himdreds of nanoseconds. 

The modulation of the successive pulses allows the transmitted signal to 
15 contain information, which can be retrieved in the receiver. In this simplified example, the 
pulses 30, 32 shown in Fig. 2 are of different shapes, which may for example represent a 
transmitted binary 0 and a transmitted binary 1 respectively. The data for transmission is 
encoded into the succession of different shaped pulses, and the pulse detection circuitiy 26 in 
the receiver 20 can detect whether each pulse represents a binary 0 or a binary 1, and can 
20 output this information to the DSP 28. 

The invention is of course applicable to any suitable type of modulation, for 
example pulse position modulation, bi-phase modulation, or pulse amplitude modulation. 

Fig. 3 is a schematic block diagram of the pulse detection circuitry 26 within 
the receiver 20. 

25 The pulse detection circuitry 26 has an input 42, which receives the signal 

from the receiver front-end circuitry 24. The received signal is supplied in parallel to a group 
of latch circuits 44a, 44b, . . ., 44n, of which only the first is shown in detail in Fig. 3 . 

The received signal from the input 42 and a reference signal are applied to a 
pre-amplifier 48. The output from the pre-amplifier 48 is applied to a first side of a latch 50. 

30 A timing signal is applied to a control input 52 of the latch and, at the time when the timing 
signal is received, an ou^ut 54 of the latch provides a signal which indicates whether the 
received signal is higher or lower than the threshold level set by the reference signal. 
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A current source may be provided within the latch circuit 44a. However, 
advantageously, a single current reference can drive the bias current to the pre-amplifiers 48 
and the latches 50 in each of the latch circuits 44a, 44b, . .., 44n. 

The pulse detection circuitry includes a reference level setting block 54, which 
5 may for example comprise a resistive ladder providing a plurality of available reference 
levels, and reference selection switches 56, which can supply a respective reference level, 
selected from among the available reference levels, to each of the latch circuits 44a, 44b, . . ., 
44n. 

The pulse detection circuitry 26 also includes a reference clock 58, which acts 

10 as a timing delay generator, and timing selection switches 60, which supply a suitable 
respective timing signal to each of the latches 44a, 44b, . . ., 44n. Hie reference clock 
generating circuit 58 is preferably based on a voltage controlled oscillator (VCO), locked by 
a phase locked loop (PLL) to an external reference, and a delay locked loop (DLL), which 
allows finely separated timing signals to be generated. 

15 In this preferred embodiment of the invention, the reference selection switches 

56 and the timing selection switches 60 are controlled by inputs received from the DSP 28. 

In the case of the illustrative received signal shown in Fig. 2, the reference 
level generating circuitry 56 provides seven available reference levels L-3, L-2, L-1, LO, LI, 
L2 and L3, and the reference clock generating circuit 58 provides six possible time sampling 

20 points during the first pulse 30, namely Tl 1, T12, T13, T14, T15 and T16. Although not 

shown in Fig. 2, the reference clock generating circuit 58 similarly provides six possible time 
sampling points during the second pulse 32, and each subsequent pulse. 

Any convenient numbers of reference levels and time sampling points can be 
provided, depending on the required resolution of the output measurements. 

25 During the first pulse 30, each of the latch circuits 44a, 44b, . . ., 44n is then 

provided with a selected one of the reference levels and a selected one of the possible 
sampling times. The latch circuits 44a, 44b, . . 44n therefore act as comparators and each 
latch provides an output signal at its respective output 54, indicating whether or not the level 
of the received signal exceeds tiiat threshold level at that time point The output signals from 

30 the respective outputs 54 of the latches 44 are then supplied to tiie DSP 28. 

The invention proceeds from the realization that, in order to successfully 
detect the received pulses, it is not necessaxy to perform full analog-to-digital conversion of 
the received signal. Rather, it is sufficient to obtain outputs from the comparators at a subset 
of the possible threshold levels and time points. For example, in the illustrative example 
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shown in Fig. 2, the seven available reference levels L-3, L-2, L-1, LO, LI, L2 and L3, and 
the six possible time sampling points Til, T12, T13, T14, T15 and T16 would provide 42 
possible combinations of a reference level and a time sampling point. 

However, it is in fact only necessary to obtain comparison outputs from a very 
5 much smaller number of comparators, each programmed with one of the seven available 
reference levels and one of the six possible time sampling points, to be able to distinguish 
between the possible transmitted signals with a high degree of certainty. 

The required number of comparators depends on the modulation scheme of the 
transmitted signals, with more comparators being required for more complex modulation 
10 schemes. Also, providmg additional comparators allows the receiver to obtain information 
about the received pidse shape and the amplitude of the pulse. 

Fig. 2 shows an example of how this is achieved. For ease of illustration. 
Fig. 2 shows not only the transmitted pulse 30, but also, superimposed thereon in dashed 
lines, the alternative pulse shape 70 which may have been transmitted at that time. Again, it 
15 must be noted that the actual received signal will not be exactly the same as either of the 
possible transmitted pulses 30, 70. However, the receiver must operate to determine with a 
high degree of probability which of the pulses 30, 70 is more likely to have been transmitted 
at that time, based on the actual received signal. 

In this illustrative example, ten comparators are each programmed with one of 
20 the seven available reference levels and one of the six possible time sampling points, these 
combinations being marked with a cross in Fig. 2. Thus, a first comparator is programmed 
with reference level LO and time sampling point Til, a second comparator is programmed 
with reference level LI and time sampling pomt T12, a third comparator is programmed with 
reference level L-1 and time sampling point T12, and so on. It will usually be required to 
25 program at least two comparators with different reference levels and a shared time sampling 
point, for at least some of the available time sampling points. 

It can be seen that, for each of the programmed combinations, the pulse 30 
will be expected to produce a particular comparator output, while the pulse 70 will be 
expected to produce the opposite comparator output. Although these results are subject to the 
30 effects of distortion, the outputs from all ten comparators should produce an acceptably 
reliable determmation as to which of the two possible pulses was transmitted. 

As mentioned above, providing two additional comparators, programmed with 
reference level L3 and time sampling point T13, and with reference level L-3 and time 
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sampling point T13 respectively, would allow the receiver to obtain additional information 
about the pulse amplitude. 

The reference level and the sampling point programmed in each comparator 
can be chosen using any available knowledge about the expected pulse, for example 
5 concerning its expected amplitude or arrival time, and about the possible forms of pulse 

modulation. The available information will differ, depending on whether the receiver is used 
in a signaling communication system, or a radar or positioning system. 

During an initial acquisition phase of operation of the pulse detection circuit 
26, when no pulses have yet been detected, there may be no information available about the 
10 expected amplitude or arrival time. Therefore, during this phase of operation, it may be 

necessary to select sampling pomts which are relatively widely spaced, in order to give a high 
probability that one of the sampling points will in fact occur during a pulse period. Moreover, 
it may be preferable to set relatively high initial threshold values, and then reduce the 
threshold values over time, to ensure that it is the received pulses which are detected, as 
1 5 intended, rather than noise signals. 

Fig. 4 is a flow chart, showing a method of operation of the pulse detection 
circuit 26 after the initial acquisition phase, at a time when information is available about the 
expected amplitude and arrival time of the pulses. 

In step 60, the amplitude and arrival time of the pulses is determined, for 
20 example as described above. This knowledge is used in choosing combinations of threshold 
values and sampling points which provide information which is actually useful in detecting 
pulses and distinguishing between possible transmitted pulse shapes. Thus, it becomes 
possible to choose threshold values which are less than, but of a comparable magnitude to, 
the maximum pulse amplitude. Similarly, it becomes possible to choose sampling points 
25 which lie within the time periods when pulses are being received, that is, within the time 
period (T1,T2) rather than the time period (T2,T3) in Fig. 2, for example. 

In step 62, the modulation scheme which is in use is detemuned. For example, 
the receiver 20 may be able to receive signals from multiple transmitters, or from one 
transmitter which can use different modulation schemes. 

In step 64, optimal threshold values and sampling points are determined. 
Knowledge about the modulation scheme, that is, about the shapes of the pulses which are 
transmitted, allows the selection of threshold values and sampling points which can 
distinguish between the possible transmitted pulse shapes with the required high probability. 
For example, in the case of the pulses 30, 32 shown in Fig. 2, the signal magnitude at time 
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Tl 1 will be lower than L3 irrespective of which of the two pulses is being received in the 
time period (T1,T2). Therefore, the combination of the threshold value L3 and the sampling 
point Tl 1 would not be selected, because it would not help to distinguish between the two 
possible transmitted pulse shapes. 
5 Each of the available sampling points may be programmed into one or more of 

the latches. A sampling point may be programmed into more than one of the latches, in 
combination with dififerent threshold values, although the degree of loading of the timing 
position generator places a limit on the maximum number of latches which can be 
programmed with a single time sampling point. 
10 The fact that the threshold values and sampling points are selected, while 

taking the mod^^lation scheme into account, means that the receiver is extremely flexible. 

Another factor to be taken into consideration is that, with appropriate selection 
of the threshold values and sampling points, the comparator outputs can be iised to determine 
more precisely the exact time position and amplitude of the received pulse, and hence can be 
15 used to optimize the prediction of the amplitudes and arrival times of future pulses. 

In step 66, the latch circuits 44a, 44b, . . . , 44n are programmed with the 
selected combinations of threshold values and sampling points and, in step 68, the resulting 
comparator outputs are generated, and transmitted to the DSP 28. 

Based on the comparator outputs received during one pulse, the DSP 28 can 
20 predict which of the possible transmitted pulses is the most likely to have been received. The 
transmitted mformation can then be extracted from the detected pulse, and used in the further 
processing of the signal. 

Thus, each of the latches 44a, 44b, 44n is programmed with a selected 
combination of a threshold value and a sampling point dxiring each pulse. The latches shown 
25 in Fig. 3 have the advantage that they can react quickly (for example having an acquisition 
time of the order of 50ps). This also means that the latches only need to be biased for a short 
time before the pulse is received, thereby reducing the power dissipation of the circuit The 
bias references supplied to the latches 44a, 44b, 44n may also be supplied to the signal 
pre-amplifier, avoiding the need for duplication of components. 
30 However, while the latches need to have a short acquisition time, they are not 

required to have a short conversion and resetting time. That is because each latch is only 
reqmred to generate one output signal in each pulse. It is therefore acceptable for the 
conversion and resetting time of the latch to be of the order of several nanoseconds. 
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It was mentioned above that received signals may need to be pre-amplified in 
the receive circuitry 24, before supply to the signal detection unit 26, to ensure that they are 
of an appropriate magnitude for comparison with the available reference levels. As an 
alternative to this, the reference level generator 54 may include a variable gain. In that case, 
5 depending on the determined pulse amplitude, the available reference levels may be scaled so 
that they are of an appropriate magnitude for comparison with the received signals. In order 
to achieve this, the reference level generator 54 may generate the required reference levels by 
means of a multiplying digital-to-analog converter. 

There is therefore provided a pulse detection xmit which can detect received 
10 pulses without requiring large amounts of hardware, in a device which has an acceptable 
power consumption. 

In summary, in a commimications system pulses are detected in a 
communications receiver by programming each of a plurality of comparators with a sampling 
time point selected from a plurality of sampling time points and with a reference level 
15 selected from a plurality of reference levels. The received signal is applied to each of the 

comparators such tiiat each of the comparators produces a respective output signal based on a 
comparison between the received signal level and the selected reference level at the selected 
sampling time point. 

The combinations of sampling time points and reference levels can be selected 
20 based on knowledge about the expected arrival times of the pulses, and based on knowledge 
about the possible shapes of said pulses, with the result that the device can detect received 
pulses without requiring large amounts of hardware, in a device tiiat has an acceptable power 
consumption. 

The coixmiimications system may be a signaling system, or a radar or 
25 positioning system. 



